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A patient with traumatic thoracic injury and hypovolemic shock is presented to stress important differences in
preoperative and postoperative aortic diameters. The patient had a blood pressure of 80/40 mm Hg. A diagnostic
computed tomography angiography revealed a rupture of the thoracic aorta, and a thoracic endograft was sized based on
these data. However, the postoperative computed tomography angiography (Riva-Rocci, 164/70 mm Hg) showed an
increase in aortic diameters of about 30% at multiple levels. In this patient, with rupture of the thoracic aorta and
hypovolemia, the aortic diameter was significantly decreased. This indicates that adequate preoperative sizing for
endovascular repair of vascular pathology in patients in shock is complicated. (J Vasc Surg 2008;47:1333-6.)Since the introduction of thoracic endovascular aneu-
rysm repair (TEVAR), an increasing number of centers
have adopted TEVAR as the treatment of choice for tho-
racic aortic aneurysms, complicated type B aortic dissec-
tions, and traumatic ruptures of the descending thoracic
aorta in properly selected patients.1-3 Reported complica-
tions have included type I endoleaks, stent graft migration,
and device infolding.4,5 The etiology of these complica-
tions is multifactorial, but most physicians agree that the
risk is minimized by appropriate endograft sizing.
Thoracic endografts should be appropriately oversized
based on accurate diameter measurements. These measure-
ments should be perpendicular to the aorta using center
luminal line (CLL) reconstructions, because the lumenmay
falsely appear elliptical on axial reconstructions, leading to
overestimation of the diameter.6,7 Also, the aorta exhibits
significant diameter changes throughout the cardiac cycle
(pulsatility) that should be taken into account.8-12
Further, the cholinergic response to hypovolemic
shock increases heart rate and causes peripheral vasocon-
striction. The extent to which this response and the dimin-
ished circulating volume affect the macrocirculation and
the aortic morphology is unclear. With the advent of (tho-
racic) endograft treatment for aortic rupture, the importance
of proper endograft sizing and diameter differences of the
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doi:10.1016/j.jvs.2007.12.036aorta in the hypovolemic hypotensive state has become more
important.We report a patient with a traumatic rupture of the
thoracic aorta in which the decreased aortic diameter, second-
ary to hypovolemia, led to relative endograft undersizing.
CASE REPORT
A 44-year-old male motorcycle driver (height, 1.85 m;
weight, 90 kg), without a significant medical history, sustained
thoracic trauma after being struck by a car. Upon arrival to the
emergency department, the patient’s Glasgow Coma Scale was 15.
His vital signs revealed a respiratory rate of 30 breaths/min, a
saturation of 90%, and hemodynamic instability evidenced by a
blood pressure of 70/30 mm Hg and a heart rate 110 beats/min.
Physical examination revealed paradoxical chest movements with
crepitus over the thorax. Neurologically, he had no sensation
below the fourth thoracic dermatome and was paraplegic.
A radiograph of the chest and computed tomography (CT)
imaging of the chest, abdomen, and pelvis revealed a traumatic
rupture of the descending thoracic aorta, at the inner curvature
15 mm distal to the left subclavian artery, with an extensive
hemothorax and an unstable fracture of the third thoracic verte-
brae (Fig 1). Blood pressure during CT acquisition was 80/40mm
Hg, with a heart rate of 110 beats/min.While radiographic trauma
screening was being performed, the patient required approxi-
mately 3 L of fluid, as well as doses of ephedrine and phenylephrine
for resuscitation. The decision was made to proceed with TEVAR,
followed by spondylodesis of the thoracic spine.
Determination of the appropriate graft was based on aortic
diameters on axial reconstructions and CLL measurements. A
22-  90-mm Relay thoracic endograft (Bolton Medical, Sunrise,
Fla) was chosen. The endograft was introduced into the aortic arch
and deployed just distal to the origin of the left carotid artery,
intentionally covering the left subclavian artery. During the proce-
dure Riva-Rocci (RR) blood pressure was about 100/50 mm Hg
(heart rate, 70 beats/min). Completion angiography revealed
appropriate endograft position, without endoleak. The operation
time was 80 minutes, and the contrast load was 150 mL.
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performed once the patient was clinically stable, 17 days after
TEVAR (RR, 164/70 mm Hg; heart rate, 93 beats/min).
Follow-up images revealed exclusion of the aortic tear, with in-
complete apposition of the endograft at the inner curvature, prox-
imal to the left subclavian artery (intraluminal lip length, 25 mm;
Fig 2). A substantial difference in aortic diameter, at multiple
levels, was noted between the pre-TEVAR and post-TEVAR scan.
The 1-year follow-up has not revealed any complications, and this
patient is continuing revalidation therapy.
Differences in aortic diameter before and after thoracic
endovascular aneurysm repair. The radiologists noted a remark-
Fig 1. Axial computed tomography angiography shows trau-
matic rupture of the descending thoracic aorta (arrow), located at
the inner curvature 15 mm distal to the left subclavian artery. Note
the extensive hemothorax.
Fig 2. Postoperative computed tomography angiography in a
sagittal maximum intensity projection reconstruction shows com-
plete apposition of the aortic tear and incomplete apposition at the
inner curvature resulting in an intraluminal lip.able difference between pre-TEVAR and post-TEVAR aortic di-ameters. We verified this observation by measuring aortic diame-
ters at four levels by two observers independently, using CLL
reconstructions (3Surgery 3.0, 3mensio Medical Imaging BV,
Bilthoven, TheNetherlands). The left subclavian artery was used as
landmark along the CLL to ensure that the measurements were
taken at the exact same aortic level. The measurements were
standardized by using minimum and maximum aortic diameter
and calculation of the mean (Table; Fig 3). In the ascending aorta,
25 mm proximal to the proximal sealing zone, the first observer
measured a difference of 5.5 mm (23%). The proximal sealing
zone, between the left subclavian and carotid artery, differed
7.5 mm (36%). In the descending aorta, 80 mm distal to proximal
sealing zone, the difference was 6 mm (33%). In the abdominal
aorta, 210 mm distal to proximal sealing zone, the difference was 5
mm (29%). The second observer measured differences of 6.5 mm,
8 mm, 6 mm, and 6.5 mm, corresponding to 28%, 38%, 32%, and
36%, respectively.
DISCUSSION
This case describes relative endograft undersizing due
to a decrease in aortic diameter in a patient with aortic
rupture and hypovolemia. To our knowledge, no such case
has been previously described. During a state of hypovole-
mic shock, the cardiovascular system responds by increasing
the heart rate and peripheral vasoconstriction. In the liter-
ature, a hypovolemic shock complex has been described
with decreased caliber of the inferior vena cava and aorta.13
Shin et al14 presented six cases with a blood pressure in the
range of 80/40 mm Hg and measured mean aortic diam-
eters on CT, 1 cm below the orifice of the superior mesen-
teric artery.4 Diameters were measured at 10 to 12 mm vs
15 to 19 mm in a matched cohort of 20 subjects. Although
level of evidence is low, this equals a decrease of 33%,
similar to our findings.
This case demonstrated impressive discrepancies be-
tween aortic diameters before and after TEVAR. Discrep-
ancies at the level of the proximal sealing zone and slightly
distal to the endograft could be explained due to the radial
force of the actual endograft. The endograft might even
cause differences in aortic compliance.15 However, we have
also measured diameter discrepancies in the ascending and
abdominal aorta, far proximally and distally of the en-
dograft sealing zones.
The thoracic aorta exhibits pulsatility leading to diam-
eter changes of about 10% to 15% in the ascending and
descending aorta.8,10 Because of the emergency setting,
the CTA scans of the presented cases lacked electrocardio-
graphic triggering so that we were not able to measure the
diameter during different phases of the cardiac cycle, which
we ideally would have done; however, the measured differ-
ences exceed this pulsatility significantly. The diameter
measurements were done twice and repeated by a second
observer to give an indication of the reliability of the
measurements.
At the time of the pre-TEVAR, scan the patient’s blood
pressure was low owing to the traumatic aortic rupture.
This hypovolemic state could be an explanation for the
decreased aortic diameters. Incomplete apposition at the
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resulted in an intraluminal lip length of 25mm. The patient
had successful exclusion of the aortic tear, however, be-
cause of a 15-mm proximal sealing zone. The placement of
an undersized graft could have resulted in a type I endoleak
during aortic expansion with resuscitation, leading to per-
sistent flow through the traumatized region.
One hypothesis is that the shortage of circulating fluid
volume decreases pressure on the aortic wall, theoretically
causing the aorta to collapse. There could be other expla-
nations for the decreased aortic diameters. An alternative
explanation could be contraction of the aorta due to trau-
matic spinal cord injury and subsequent vasospasm. The
decreased diameter may be caused by an intramural hema-
toma. However, we have observed diameter decreases in
the ascending and abdominal aorta as well.
Regardless of the mechanism of the decreased aortic
diameters, the decrease affects endograft sizing. We think
Table. Diameter measurements before and after thoracic e
Location
Observer 1
Mean TEVAR
diameter, mm Difference
Pre Post mm %
Ascending aorta 24 29.5 5.5 23
Proximal sealing zone 21 28.5; stent 22 7.5 36
Descending aorta 18 24 6 33
Abdominal aorta 17.5 22.5 5 29
Fig 3. Perpendicular computed tomography angiograp
line are shown (top row) before and (bottom row) aft
aorta 25 mm proximal to proximal sealing zone, (B) the
artery, (C) the descending aorta 80mmdistal to proxima
to the proximal sealing zone.that in similar cases, more vigorous oversizing of 20%should be contemplated. Future research is needed to
extend this observation to a broader population. In older
patients with atherosclerosis, the diameter differences are
probably less pronounced due to decreased elasticity of the
aorta.
CONCLUSION
This case illustrates decreased aortic diameters in a
patient with traumatic aortic rupture and hypovolemia. We
believe this is an important observation of which physicians
should be aware when sizing an endograft in the hypovo-
lemic patient with a traumatic aortic rupture. This report
merits future research to quantify this observation, ideally
using dynamic CT angiography or magnetic resonance
angiography, differentiating between hypovolemic patients
with and without aortic ruptures and differentiating be-
tween traumatic and atherosclerotic ruptures, because it
vascular aneurysm repair
Observer 1, 2nd
measurement
Observer 2Mean
TEVAR
iameter,
mm Difference
Mean TEVAR
diameter, mm Difference
e Post mm % Pre Post mm %
.5 30 5.5 22 23.5 30 6.5 28
28 7 33 21 29; stent 22 8 38
.5 24 6.5 37 19 25 6 32
22 5 29 18 22.5 6.5 36
onstructions at different levels along the center luminal
oracic endovascular aneurysm repair. A, The ascending
mal sealing zone between the left carotid and subclavian
g zone, and (D) and the abdominal aorta 210mmdistalndo
d
Pr
24
21
17hy rec
er th
proxi
l sealinmay have consequences for clinical practice.
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